Complex effect of different contributions (spontaneously formed In nanoparticles, near-interface, surface and bulk layers) on electrophysical properties of InN epitaxial films is studied. Transport parameters of the surface layer are determined from the Shubnikov-de Haas oscillations measured in undoped and Mg-doped InN films at magnetic fields up to 63 T. It is shown that the In nanoparticles, near-interface and bulk layers play the dominant role in the electrical conductivity of InN, while influence of the surface layer is pronounced only in the compensated low-mobility InN:Mg films.
I. INTRODUCTION
Presently electronic properties of InN have been a subject of intense studies. Despite the predicted extraordinary electron transport parameters among other III-Nitrides, the experimentally determined Hall concentration n H in the InN films has been still rather high (10 18 ÷10 19 cm −3 ), whereas the Hall mobility µ H (100÷2370 cm 2 /Vs) is significantly lower than expected [1] . Recently the existence of a surface accumulation layer in InN films has been confirmed by the angle-resolved photoemission spectroscopy [2] , the highresolution electron-energy-loss spectroscopy (HREELS) [3] , and the electrolyte CV (ECV) measurements [4] . It has been found that the surface state density of the accumulation layer lays in the range (2÷6)×10 13 cm −2 , and its thickness ranges within 5÷10 nm. It is currently accepted that the surface accumulation layer prevents proper measurements of the transport parameters of n-type and especially p-type bulk InN layers (see [1] for references), although no strict experimental evidences for that have been provided. Under this assumption, the n and µ values of the bulk of InN films were calculated in numerous papers by using the model of two parallel layers [5] . However the HREELS and ECV measurements provide only the values of electron concentration and thickness for the surface layer, while knowledge of the surface electron mobility is necessary for accurate evaluation of the accumulation layer effect on the electrical measurements. Different values of the electron mobility have been assigned to the surface layer in InN films, e.g. (100-200) cm 2 /Vs [6] and (700-800) cm 2 /Vs [7] . Some researchers suggested almost equal mobilities of bulk and surface electrons [8] . Besides, the values of surface electron density and thickness of the accumulation layer taken from the HREELS [3] and ECV [4] data were applied usually in assumption of universality of the accumulation layer parameters for all InN films, which was not confirmed experimentally. Therefore, the lack of understanding of electrical processes 
III. EXPERIMENTAL RESULTS AND DISCUSSION
The first important contribution to the conductivity of the InN epitaxial films relates to the influence of the In nanoparticles spontaneously formed during PA MBE growth due to the extremely low In-N binding energy [9, 10] . Recently it has been shown that presence of the In inclusions in InN films results in the abnormal magnetic-field dependence of the Hall coefficient RH and strong magnetoresistance effect [11, 12] . In this case, the electron concentration and mobility of the InN semiconductor matrix can be determined only from fitting the magnetic-field dependence of R H in the frames of the model taking into account presence of the highly conductive In nanoparticles [11] . R H has been found to increase with B for all the investigated InN films. Therefore, the values of electron concentration n m and mobility µ m of the InN semiconductor matrix were calculated from the R H vs B dependence (Table I, 
t , n
SdH , τ separate the contributions of the surface, near-interface and bulk layers to the conductivity of the InN matrix. The only single sets of SdH oscillations were observed in magnetic fields up to 30T (Fig.1) . The period of the oscillations was the same for the B c-axis and B ⊥ c-axis configurations, which enables one to attribute these SdH oscillations to bulk InN layer with the typical thickness and the lateral grain size larger than the electron cyclotron orbit λ (10-30 nm). In case of the quadratic dispersion law, the oscillatory component of the resistivity is expressed as follows [13] ∆ρ
where ω c = eB/m * is the cyclotron frequency, E F is the Fermi energy, g is the Lande gfactor, T D =h/2πk B τ q is the Dingle temperature, τ q is the single-particle relaxation time (the quantum relaxation time), the phase ϕ is a variable parameter. Knowledge of the cyclotron electron effective mass m * is necessary for approximation of the experimental curves. The (Table I, At B above 30T, the second sets of the SdH oscillations with smaller periods were observed (Fig. 1) . These oscillations disappear in the B ⊥ c-axis configuration (Fig. 2) , which indicates the two-dimensional (2D) nature of the conductivity channel having the thickness d s less than λ ∼20 nm. It is reasonable to assume that the surface accumulation layer serves as this 2D layer. The values of the two-dimensional carrier density of the quantized electrons
SdH (Table I , column 9) have been calculated from the oscillations periods and turned out to be different for different InN films, but all fell into the range of the published surface carrier densities [2] [3] [4] .
To estimate the influence of the surface accumulation layer on Hall measurements of transport parameters of the bulk InN it is necessary to know the values of electron mobility in the surface and bulk layers. The electron mobility depends on the transport relaxation time τ t . Since the SdH oscillations corresponding to the surface layer appear at 30T, one can 
Using the values of τ (2) q and m * = 0.09m 0 for the surface electrons, one can estimate τ calc which has been found to be in the range of (400-600 cm 2 /Vs) for different InN films (Table II , column 5). The m * value has been estimated from the high surface electron density taking into account the conduction band non-parabolicity [16] .
It is worth noting that the experimental values of the quantum relaxation times of bulk electrons τ (1) q and their transport relaxation times τ
(1) t (Table I, calc for these samples (Table II, Sample n
SdH , µ One should mention that no one of the Mg-doped films under study showed hole conductivity in the bulk layer. However, the observed high compensation of the bulk of the Finally, the observed difference between the concentration of bulk quantized electrons n
SdH and Hall concentration in the InN matrix n m (Table I, [17] . According to [17] , the significant Mg doping in the sample results in emergence of planar defects (stacking faults) separated from each other by ∼10 nm, which additionally reduce the density of other threading extended defects. On the other hand, the near-interface electrons are scattered efficiently by the planar defects, which results in damping of intermediate SdH oscillations
in the B⊥c-axis configuration (Fig. 2) .
In case of taking into account the total electron concentration in the bulk, comprising both quantized and near-interface electrons, the effect of the surface accumulation layer on the electrical measurements of the bulk InN parameters is expected to be even less pronounced. shown to be (1 − 3) × 10 13 cm −2 and (400-600)cm 2 /Vs, respectively. It has been established that the surface layer has no significant influence on the electrical measurements of highmobility InN films, while for low-mobility compensated films (e.g. strongly Mg-doped) its effect can be pronounced. The observed difference between the Hall electron concentration and that of quantized bulk electrons has been explained by the influence of the near-interface layer usually containing much higher threading dislocation density.
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